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Abstract

An increasing number of students with dyslexia ehigher education. As a result, there is a
growing need for standardized diagnosis. Previamsearch has suggested that a small
number of tests may suffice to reliably assessestisdwith dyslexia, but these studies were
based on post hoc discriminant analysis, which detod overestimate the percentage of
systematic variance, and were limited to the Ehglisnguage (and the Anglo-Saxon
education system). Therefore, we repeated the nasé@a a non-English language (Dutch)
and we selected variables on the basis of a predienalysis. The results of our study
confirm that it is not necessary to administer dewiange of tests to diagnose dyslexia in
(young) adults. Three tests sufficed: Word readimgrd spelling, and phonological
awareness, in line with the proposal that highercation students with dyslexia continue to
have specific problems with reading and writing. W0 show that a traditional postdiction
analysis selects more variables of importance thanprediction analysis. However, these
extra variables explain study-specific variance dadot result in more predictive power of

the model.
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I dentifying students with dyslexia in higher education

A growing group of students with dyslexia enterh@g education. Guidance protocols and
educational arrangements in primary and secondiugation are optimized so that students
can get past their difficulties and function acaogdto their talents (Tzouveli, Schmidt,
Schneider, Symvonis, & Kaollias, 2008). As a resuliere is an increasing need for
standardized diagnosis of young adults. If ingbg want to grant program adjustments and
other compensatory measures to students with dgsléxis necessary to have objective
criteria so that the measures are perceived asSmidents come with a variety of indications
of their learning disability and a subgroup may have been formally examined at all. Also
the students themselves often have questions dheiutstrengths and weaknesses and how
to best organize their studies. According to Ma@208) manifestations of adult learning
disabilities may be subtle and remained manageabsecondary education because pupils
developed compensatory strategies to mask theitalions. However, these limitations may
become more of an issue in higher education beaafuse much higher study load. Finally,
lecturers in higher education are proponents athaid reliable assessment as well. It makes
them more willing to grant special arrangements Bktra exam facilities.

Although considerable efforts have been madest@ldp relevant screening tests and
diagnostic tools, there still is much uncertainitpat how the screening can be organized
efficiently. As a result, there is a lack of startization across institutes (Johnson,
Humphrey, Mellard, Woods, & Swanson, 2010) anddgliemain many questions about the
extent to which findings in English can be extrapedl to other languages (e.g., De
Pessemier, & Andries, 2009).

To have more information about the specificityadiult dyslexia, Hatcher, Snowling

and Griffiths (2002) compared the cognitive andréty skills of 23 university students with
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dyslexia to those of 50 matched control studentl. participants completed 17 tasks
assessing reading and writing, processing skiblgnplogical skills, verbal fluency, verbal

abilities, non-verbal abilities and self-reportedoldems in attention and organization.
Hatcher et al. (2002) found that the dyslexic stislgperformed worse on all but the two
tasks measuring general cognitive abilities, nantbly WAIS vocabulary test (Wechsler,

1997) and the Raven test of non-verbal reasoniagd€R, 1938). In order to determine which
tests discriminated best between dyslexics or obstudents, Hatcher et al. (2002) ran a
discriminant analysis. About 95% of the studentsl@dde classified correctly on the basis of
four tests only: spelling, word reading, verbal sherm memory and writing speed. Thus,
according to Hatcher et al. (2002) a short assessmi¢h four tests is enough to classify
adults with dyslexia.

Another interesting study investigating a broadge of skills in students with
dyslexia in higher education was the meta-analygiSwanson and Hsieh (2009) based on
52 published articles. Swanson and Hsieh made a tdt 776 comparisons between
participants with and without dyslexia. The mospaortant problems of adults with dyslexia
were reading, spelling and phonological problemsthifermore, adults with dyslexia also
seemed to have difficulties with verbal long-ternemory and arithmetic. Swanson and
Hsieh (2009) did not find differences in generaéiligence, non-verbal reasoning, cognitive
monitoring, visuo-motor skills, verbal and visuarpeption, social and personal skills, or
neuropsychological measures (e.g., EEG).

The findings of Hatcher et al. (2002) and Swanapnd Hsieh (2009) suggest that a
limited number of tests may suffice to reliablyessdyslexia in higher education. However,
the data are far from optimal. The number of sttslenHatcher et al. (2002) was small and
based on a single English university with rathefhhéntrance requirements. Swanson and

Hsieh’'s (2009) analysis seems more secure to dereelaut is also largely limited to the
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English language (only 5% of the studies concemaather language) and is hampered by
the fact that data from several different typestoflies were aggregated. For instance, some
of the perceptual data were based on psychophysiedies of low-level vision and auditory
capacities, rather than on measures relevant focagtidnal settings. Indeed, a caveat that
must be kept in mind when reading the outcome oheta-analysis is that it may be
comparing apples and oranges given that data freny different sources have been
combined (e.g., Sharpe, 1997). Because of the stajkes of correct assessment, one would
like to have a broader empirical basis about thabmr of tests to be administered.

The question about which tests are needed forndmg further relates to the
theoretical issue about whether students with disldn higher education form a
homogeneous group or comprise several subgroupgifffrent types of dyslexia exist,
various criteria must be used. Several authors hadeed suggested the existence of
subtypes (e.g., Castles and Coltheart, 1993; Lorusacoetti, & Bakker, 2011), either on the
basis of differences in performance on a seriesasks or on the basis of a theoretical
analysis of the processes involved in successéding. For instance, van der Schoot, Licht,
Horsley, & Sergeant (2002) made a distinction betwguessing readersand spelling
readers based upon performance criteria initially develddy Bakker (1981). Another
typology was proposed by Castles and Coltheart3} 9¢ho started from the assumption that
words can be read aloud in two different ways, ezithy directly converting letters into
sounds or by activating the written word in a melggicon and deriving the corresponding
phonology. On the basis of this analysis, Castles @oltheart predicted the existence of
dyslexics who would have major problems with thadieg of new words and non-words
(phonological dyslexiaand dyslexics who would be mostly impaired on thading of

irregular words gurface dyslexia
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The above distinctions strongly focus on impaireading, whereas dyslexic students
in higher education mainly complain about their [&pg difficulties. According to Fink
(1998), high-performing adults with dyslexia candygded in two groups. One group has a
slow reading rate and difficulty in spelling, whasethe other group has compensated for
their impaired reading and shows deficits in spgllonly. Indeed, the writing tests were
among the most informative in Hatcher et al. (2082 also Holmes, & Carruthers, 1998;
Shaywitz, Fletcher, Holahan, et al., 1999).

Finally, it must be kept in mind that although inrpd reading and writing are the
center problems of dyslexia, they probably arethatmost visible impairments of a larger
neuropsychological deficit (Habib, 2000). Neuropg®yjlogical research has provided
evidence that, although the core deficit in dysdasiphonological in nature, dyslexic people
often present associated problems in a wide rahgewocognitive domains, such as spoken
language and auditory temporal processing (e.cpflHédogben, & Clark, 1999), arithmetic
(e.g., Perkin, & Croft, 2007), visual attentiong(e Facoetti, Paganoni, Turatto, Valentina, &
Gian, 2000), short term verbal memory and workingnmary (e.g., Swanson, 1999), time-
estimation, automatization, and fine-grained makilis (e.g., Nicolson, Fawcett, & Dean,
2001). It is not clear to what extent these defi@te a consequence of the difficulty to
manipulate speech sounds, or whether they poin& tiarger variety of cognitive and
neuropsychological impairments in individuals walyslexia, requiring the identification of a
more detailed pattern of weaknesses and stren@tiesv(& D'Amato, 2010).

For the above reasons we felt that a replicaticihne Hatcher et al. (2002) study was
warranted. First, we wanted to see whether indessdal number of tests sufficed to reliably
diagnose higher education students with dyslexia,wbether an adequate assessment
required a much wider battery of tests. Secondyaeted to make sure that Hatcher et al.’s

(2002) findings applied to contexts outside Britisucation. These involve a different
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language (Dutch) as well as differences in entraremuirements. Indeed, alphabetical

languages differ in the degree of complexity in thappings between spelling and sound
(Borgwaldt & Hellwig, 2004; Van den Bosch, ConteDgelemans, & de Gelder, 1994) and

countries differ in the entrance requirements timapose on students coming to higher

education. As a rule, entrance requirements arerliwsystems that see selection as part of
the curriculum (as happens in Belgium, with morantthalf of the students not successfully

completing their degree) than in systems based hen master-apprentice model (once

admitted, the apprentice is expected to completeessfully, as happens in British higher

education).

Thirdly, we also wanted to know to what extensipbssible to generalize predictions
made by our model (our selection of tests) to fifpwpulations. We do not want a model that
is only valid for the data upon which it is basea also want our model to perform well on
new data too. An important limitation of the stuafyHatcher et al. (2002) is that the results
were based on a post hoc discriminant analysisutth an analysis authors first administer a
series of tests and then examine how well the scaltew them to classify the participants.
In this type of analysis the more test scores oa® the better the prediction becomes,
because the test scores are combined in such ghatathey optimally account for the pattern
of performances observed in the specific groupetesthe drawback of this procedure is that
it tends to overestimate the percentage of systenvatriance, because sample-specific
variance (noise) is used for model fitting. As sule using the same criteria for a new group
of participants is likely to result in significaptiorse assessment.

In the present study we will select variables basedrediction results rather than
“postdiction” results (Gauch, 2002). In such anlgsia, one examines to what extent it is
possible to use the scores of one group of paatitgp (the training data) to predict the

performance ofinothergroup (the test data). This avoids the problemrmotlel overfitting.
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Both in a predictive and post-hoc model the modeh€reases over the first few predictors
included. However, whereas in a post-hoc modelfithkeeps on increasing (because of
overfitting), in a predictive model the fit statts decrease after a few variables have been
entered, a phenomenon which Gauch (2002) callekh@u’s hill”. The reason for the
decrease in performance is that after a certaintgbe model starts to explain noise in the
group tested rather than variables systematicdiigctang performance. Therefore, the
number of significant variables in a predictive rabdsually is lower than the number in a
post-hoc analysis. Models with few parameters maytderfitting reality, but models with
additional parameters tend to overfit spurious e@iSauch, 2002).

Following Hatcher et al. (2002), the main aim g present study was to develop an
efficient and optimal diagnostic protocol for thiassification of students with dyslexia. By
comparing the new data with those of Hatcher etves. wanted to see to what extent the
findings can be generalized to a non-English lagguas far as we know, no similar studies
have been published.

Method

Participants

Two hundred first-year bachelor students in higidrcation participated in the study,
both non-university college students and universitidents. They received a small financial
compensation for their participation. All had nofroa corrected-to normal vision and were
native speakers of Dutch. The sample consistechefrmndred students with dyslexia and a
control group of hundred students with no knownrakagical or functional deficiencies.

The students in the dyslexia condition were sttglesmo had approached the institute
at which they studied for special educational messents because of dyslexia. The standard
procedure in such cases was that the evidence xeasirged by a specialized remediation

service, calledCursief and that the students were retested if neededalBstudents in the
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dyslexia condition met the formal criteria of dyséin accordance with the definition of
SDN (Stichting Dyslexie Nederland [Foundation Dys&eNetherlands], 2008). According to
this definition, dyslexia is defined as an impainheharacterized by a persistent problem in
learning to read and/or write words or in the awdbnation of reading and writing. The level
of reading and/or writing has to be significantbyver than what can be expected based on
the educational level and age of the individualt Fany students, the deficit also proved
resistant to instruction, given that they had talenedial teaching in primary and secondary
education. We ran our tests on the first 100 stisdesino went to the special educational
support service in the academic year 2009-2010, wd@ confirmed as dyslexic, and who
were willing to take part in our study (nearly stilildents did). The mean age of the group was
19 years and 4 months [18 — 23;5 years].

For each student in the dyslexia condition we et for a control student matched
on age, gender, and field of study. For the reqraiit, we relied on the student with dyslexia
or we contacted study coaches within the diffedgpartments. This action was repeated
until all participants of the control group weraifml. The mean age of the control group was
19 years and 11 months [17;9 — 21,6 years]. Theas mo significant difference in age
between the groups of students with and withoutesys ((198) = 0.91p = .36). There were
46 male and 54 female subjects in each group, fidram 34 students were studying at

Ghent University and 66 students took a (non-usigrcollege program.

Table t
General Information About the Student Groups With ®ithout Dyslexia

Studentswith dysexia Students without dyslexia
Number of participants 100 100
Mean age 19 years 4 month€D 1.0) 19 years 11 month$D 0.7)
Gender 46 male 46 male
54 female 54 female

Number of college students 66 66
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College fields of study

Educational sciences 16 16
Health and behavioral sciences 21 21
Management 9 9
Sciences and Engineering 19 19
Other 1 1
Number of university students 34 34

University fields of study

Arts and humanities 5 5

Health and behavioral sciences 19 19

Sciences and Engineering 10 10
Tests

In order to determine which tests contribute toe#iiicient diagnostic protocol for
young adults with dyslexia, we administered a largmber of tests, covering a wide variety
of cognitive domains such as verbal and non-vadmsdoning, processing speed, reading and
writing, phonological awareness, executive fundijoand memory. All tests had been
developed and tested previously for research willtadyslexics and were mostly

adaptations of English tests.

Verbal and non-verbal reasoning. We administered the Dutch version of the Kaufman
Adolescent and Adult Intelligence Te@CAIT) (Dekker, Dekker, & Mulder, 2004), which is
a translated and standardized version of the AmeriKaufman Adolescent and Adult
Intelligence. Both fluid 1Q (problem solving) andystallized 1Q (reasoning and memory

retrieval of stored information) were measured.

! Unfortunately, this excluded the Dyslexia Adulr&ming Test (DAST), developed in the UK for ouget
population (Nicolson & Fawcett, 1997), because tiés is not available in Dutch. The DAST includds
subtests, such as literacy measures, phonologiceégsing, rapid naming, working memory, non-verbal
reasoning, verbal fluency, and postural balance.
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Vocabulary We used a subtest from the Test for Advanced Rgaahd Writing, a recently
developed test battery for the diagnosis of (youadlults with dyslexia, also called
GL&SCHR (De Pessemier, & Andries, 2009). Particisasre asked to give definitions of

low frequency words like the Dutch equivalent@anbnymou®r simultaneous

Speed of processingWe used a paper and pencil test, called CDT (DekRekker, &
Mulder, 2007), which contains 960 digits from 0%@resented in 16 columns. Students had
three minutes to underline as many fours and tescaut as many threes and sevens as
possible. The aim of the test was to measure psougspeed (the number of correctly
processed digits) and accuracy (number of missddrarorrectly processed digits) in a task

of selective attention with a considerable taskicwing load.

Short-term memory.We used short-term memory span tests for phona@bguisual, and
lexical items, and a test in which the participamas to reproduce randomly presented series

of letters and digits in ascending order (GL&SCHIR; Pessemier, & Andries, 2009).

Phonological awareness We used a spoonerism task (two words were presented
auditorily and the first letters had to be switched). Harry Potter became Parry Hotter) and
a reversal task (participants had to judge if twoken words were reversals or not, e.g. rac-
car). Both time and accuracy were taken into acc@Bb&SCHR; De Pessemier, & Andries,

2009).

Rapid naming. Letters, digits, colors, or objects were individygiresented centrally

on a computer screen and participants had to naeme &s rapidly as possible (GL&SCHR;
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De Pessemier, & Andries, 2009). The participanemheines the pace by pressing the Enter

button. Accuracy and speed are measured.

Arithmetic. We used th&empo Test Rekenghest for Fast Fact Retrievaf TR; de

Vos, 1992), a standardized test of arithmetic smBers. It is designed to examine the rate at

which participants mentally perform simple mathdo@toperations. There are five lists,

consisting of addition, subtraction, multiplicatjodivision below 100, and a random

sequence of all four operations. Participants arengone minute per list to solve as many

problems as possible.

Reading skills.

Word reading was assessed using the EMT or One thlifiast (Brus, & Voeten,
1991). The test consists of 116 Dutch words ofdasing difficulty printed in four
columns. The participant has to read aloud as manrgs as possible in one minute
trying to minimize reading errors. The raw scorethe number of words read
correctly. We also administered an English versibrthe EMT, namely the One
Minute Test or OMT (Kleijnen, & Loerts, 2006). Thisst is comparable to the Dutch
version.

We administered a Dutch pseudoword reading tes¢ccBle Klepel(van den Bos,
Spelberg, Scheepsma, & de Vries, 1999). It conthifispseudowords that follow the
Dutch grapheme-phoneme correspondence rules. Waescare is the number of
pseudowords read correctly within two minutes.

The silent reading test (Henneman, Kleijnen, & SmR004) consists of silently
reading a simple Dutch text and making a précigheftext. The primary aim was to

calculate the average number of words silently padninute.



IDENTIFYING DYSLEXIA IN HIGHER EDUCATION
13

- Text reading was investigated by a subtest of th&$®CHR (De Pessemier, &
Andries, 2009). Participants had to read out louxd about fear of failure with
increasing difficulty. Both substantial errors atimthie consuming errors were taken
into accounts as well as the total reading time.

- For text comprehensigra text was read out by the computer and alscepted in
printed form. Afterwards, participants had to ansveggiestions about the text

(GL&SCHR; De Pessemier, & Andries, 2009).

Writing skills.

- We made a distinction between the spelling of etieepvords and the knowledge of
spelling rules. We used two subtests from the GLE(GDe Pessemier, & Andries,
2009). Forword Spelling20 Dutch exception words were usé&gelling Rulesvere
tested with a proofreading task consisting of 2@cBwords or sentences which the
participant had to correct. TA&ord Spellingsubtest is computer paced. In the first
phase, 20 words are read out loud at a rate ofvamé per two seconds. Students are
asked to write down as many of the words as thay kanecessary, they can skip a
word and continue with the next one. Afterwardsssad words and words they felt
unsure about are repeated as often as requirethasostudents can correct and
supplement their initial spellings without time Itsn Because of the strong time
constraints in the first phase, tis test can atsaded as an indication wfiting speed

- Because higher education involves academic languagealso administered an
advanced DutctSentence Dictatioriest, developed and used at the University of
Leuven (Ghesquiére, 1998). It consists of 12 pajats with exception words and
difficult spelling rules (e.g. for the verbs). Aldbe correct use of capitals and

punctuation marks is taken into consideration.
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- Given the importance of English in higher educatime also included an English
word dictation test. We usetdRAT-IIl English Word Dictatiofwilkinson, 1993), a
commonly used test for English word spelling.

- All students were asked to write a précis abouttéx¢ which was used in the silent
reading test. In this way, we gathered informatibout their free writing skills.

- We also administered the subtésbdrphology and Syntakom the GL&SCHR (De
Pessemier, & Andries). The same principles asarsfielling Rulesest are applied to
sentence writing (e.g., the correct spelling of bphonic verb forms, correct use of

punctuation and capitalization).

Procedure

The complete test protocol was administered dumvgsessions of about three hours
each. The protocol was divided into two countenbeda parts. The order of the tests in part
one and two was fixed and chosen to avoid sucaesdicimilar tests. There was a break
halfway each session. If necessary, students ctalld additional breaks. Students with
dyslexia started with part one or two accordin@ricAB-design. Their control student always
started with the same part. All tests were adnmenest individually by three test
administratorsaccording to the manual guidelines. Testing oezlim a quiet room with the

test administrator seated in front of the student.

2 The test administrators were the two first autteors a test psychologist. To standardize the adirition
each administrator read the manuals of tests, lmddiice session, and was observed by the otleirsgdthe
first ten sessions.
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Results

Differencesin test scores between dyslexic students and controls

Table 2 shows the results of the 10 variables Whighbiggest differences between the
students with and without dyslexia. The resultsreported as effect sizes. The sign of the d-
values is so that positive d-values represent wpestormance of the students with dyslexia

compared to the control group.

Table 2
Ten Variables With the Biggest Differences BetwherStudents With and Without Dyslexia

Word Spelling Dutch

Weighted score 2.28
Number correct words 2.05
Word Reading Dutch

Correctly read words 1.97
Total number of read words 1.87
Sentence Dictation Dutch

Number of errors 2.10
Pseudoword reading Dutch

Correctly read items 1.59
Total number of read items 1.50
Word spelling English

Number correct words 1.50
Phonological awareness

Spoonerisms time 1.42
Word Reading English

Correctly read words 1.40
Total number of read words 1.36
Phonological awareness

Reversals time 1.30
Text reading

Reading time 1.29
Mental calculation

Mixed operations 1.13

Seven of the ten variables with the biggest diffiees between the two groups were

reading and spelling related. Surprisingly, a biffecence was also observed for an
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arithmetic test, namely rapid fact retrieval of euxoperations. Finally, there were big
differences in the time students with dyslexia meetb perform the phonological awareness

tasks like the spoonerism and the reversal task.

Table 3
Five Variables With the Smallest Differences Beiwtbe Students With and Without Dyslexia

Symbol memory (KAIT) 0.03
Symbol learning (KAIT) 0.07
Auditory comprehension (KAIT) 0.09
Logical reasoning (KAIT) 0.12
Fluid 1Q (KAIT) 0.13

Table 3 shows the five variables with the smaltifferences between the students
with dyslexia and the students without dyslexiaicltwere subtests of the KAIT. There was
no difference between both groups for symbol memaymbol learning, auditory
comprehension, logical reasoning, and fluid ingelfice. Overall, there was a large

agreement with the outcomes of the meta-analys&vwmgnson and Hsieh (2009).

Postdictive analysis to discriminate dyslexic students from normal readers

For the traditional, postdiction analysis, we ukmgistic regression (Peng, Lee, &
Ingersoll, 2002) to fit a classification model lkeetdata. That way, we could examine how
well the participants could be classified as hawgglexia or not. To avoid multicolinearity,
we first calculated the variance inflation factdéadl variables (tests) mentioned above (n =
29). Two variables were excluded, namely total b@c@use TIQ is the sum of CIQ and FIQ)
and RAN letters (because that variable highly dateel with RAN digits). The remaining 27
variables were entered stepwise and removed badkwising the likelihood ratio statistic.

The results of the logistic regression analysesraported in Table 4, using the log

odds, the standard error, the level of significazce the adjusted odds ratios (with 95%
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confidence intervals). The best fit was a modehw#ven variables, including literacy skills
(word dictation, sentence dictation, word readipionological awareness and verbal

reasoning.

Table 4
Results of the Stepwise Backwards LT Logistic Bsgre Analysis (postdiction)

95% CI for Odds Ratio

B (SE) L ower OddsRatio  Upper

Included
Intercept 2.537.37)
5’.”“:“. sentence ;09 0.04p*  1.02 1.10 118

Ictation
Dutch word 013 0.04"  0.81 0.88 0.94
spelling
PA spoonerisms 33 0 15 1.03 1.40 1.89
accuracy
PA reversals -0.41 0.19*  0.50 0.66 0.89
accuracy
PA reversals time 0.0D02** 1.01 1.05 1.09
Dutch word reading  -0.1®(03** 0.85 0.91 0.97
CIQ 0.12 0.09* 1.02 1.13 1.25

Note. CIQ = crystallized 1Q (KAIT); PA = Phonolagil awareness;
* p<.05;** p<.01.

This model resulted in a correct classification98f8% of the participants as being
dyslexic or not. This means that when the rexafit®7 variables were used to classify the
participants into the two designated groups (withd awithout dyslexia) and when
multicolinearlity was ruled out, a model with sewariables came out as the best and could
assign 93,8% of the participants correctly.

The classification table (Table 5) shows the numidfestudents with and without
dyslexia that could be predicted successfully anlibsis of the logistic regression analysis
(postdiction). Ninety-three out of 100 studentshwdlyslexia were correctly classified (true
positives), leaving seven false negatives. In tbetrol group, the data of seven students
could not be used because of missing values onoortee other test. Of the remaining
participants, 88 students were correctly classifiede negatives) whereas five were false
positives, who were classified as having dyslexighout ever having sought help for

dyslexia.
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Predictive model to discriminate dyslexic students from normal readers

Secondly, we constructed a predictive model thaapable of drawing more general
conclusions about the population of higher educastudents with dyslexia. Before using
statistical techniques to select variables for predictive model, we manually selected
promising variables out of the larger pool of a&hlé tests. From the tests mentioned earlier,
we selected the 10 tests with the largest diffezsrizetween the groups (Table 2). To avoid
multicolinearity problems between highly intercdated variables, we inspected the
correlations between the variables, as shown ineTab

Table 5 Correlation matrix of the ten variables with thegest effect size

SD MC EWS DWSws DWSnc DTR PAspotime  PArevtime  DWRnc  DWRtotal DPRnc DPRtotal EWRnc EWRtotal

- 482 737 794 809 .608 .635 AT76 .642 .670 2.54.603 573
- 484 516 .528 .258 .424 403 .538 .543 524 3.53 .484
- .709 708 .483 .584 433 .618 .637 581 .626 8.69

.561
495

.664

-- 949 480 .528 431 .623  .648 582 .626 532 35

- 479 528 414 .614  .639 555  .609 544
-- .506 414 434 484 472 563 470
- .648 515 537 543 572 .504
- 463 .482 538 544 .400
- .995 741 744 .701
-- 754 767 713
- .970 .635
-- .644

Note : SD = Sentence Dictation (number of errors) ; MC = Mental Calculation (mixed operations) ; EWS = English
Word Spelling (number of correct answers) ; DWSws = Dutch Word Spelling weighted score : DWSnc = Dutch
Word Spelling number of correct responses ; DTR = Dutch Text Reading (reading time) ; PAspotime =
Phonological Awareness (spoonerisms time) ; PArevtime = Phonological Awareness (reversals time) ; DWRnc=
Dutch Word Reading (number of correct responses) ; DWRtotal = Dutch Word Reading (total number of
responses) ; DPRnc = Dutch Pseudoword Reading (number of correct responses) ; DPRtotal = Dutch Word
Reading (total number of response)s ; EWRnc= English Word Reading (number of correct responses) ; EWRtotal
= English Word reading (total number of responses).

.5z
44
.52
42
.790
.795
.665
.669

981
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When the correlation between two variables wasaketm or higher than .70, the
variable with the lowest effect size was excludés.a result, the following variables were
omitted: Dutch sentence dictation, English wordation, Dutch nonword reading, English
word reading and text reading. Next, we addedvdreables corresponding to the best
predictors in the study of Hatcher et al. (2002heJe variables were verbal short term
memory and writing speed. Together with these tapnables of Hatcher et al. (2002), the
five following variables were included: Dutch worspelling, Dutch word reading,
phonological awareness (both spoonerisms time anersals time) and mental calculation
(mixed operations).

In the next step, we searched for a model thatbooed maximum predictive power
(in terms of prediction accuracy) with the smallesimber of predictors. To assure the
generalizability of our model we used a resamphmgthod called 10-fold cross validation
(Kuhn, 2008). Cross validation is a technique inolhhthe available data set is split up in a
training set and a test set. The training set edus fit a logistic regression model. The
predictive power of this model is then tested ushgtest set. This method assures that data
used for fitting the model is never used to testrtiodel. Furthermore, all folds serve several
times as training sets, but only once as testisetur case, the initial dataset was split up in
10 sets (folds) of equal size. This way, the proceaf training and testing a model could be
repeated 10 times. On each iteration the modeltmased using 9 folds and the predictive
power was tested on the remaining fold. Once athttons were completed, the predictive
measures obtained for each of the 10 iterations weeraged.

Nested within the 10 fold cross validation iteva8, we also tested models with less
predictors than the seven initially selected. Attex full logistic regression model with seven
predictors was fit, the next model was fit with theme training and test data but with the

least important predictor left out. This process wepeated until only one predictor was left
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in the model. The order by which predictors weffe dait of the model was based on the z-
values of the predictors in the previous model.e8agsn these values a ranking was made
indicating the importance of the variables in thedel. Eventually, this resulted in 10
prediction scores for each of the seven variablesetusizes. For each subset size, the
predictive score was averaged over the 10 folds.

Predictions were based on a preset probabiliyoffutalue of .50, meaning that cases
with a predicted probability larger or equal th&0 were classified as having dyslexia. The
predictive power of the model was assessed usiadigifon accuracy (proportion of true
positives and true negatives classifications tadited number of classifications).

Out of all models tested, the model with threedmt®rs, namely Dutch word reading,
Dutch word spelling and a phonological awarenesis @i@versals time) came out as the best.
For this subset of predictors, the average prediciiccuracy on the test data was 90.9%
(95% CI [87.1, 94.8]). Table 6 shows the classifaraoutcomes of the prediction (and the
postdiction) model. Ninety-one out of 100 studentth dyslexia were correctly classified
(true positives), leaving 8 false negatives. Indlgslexic group, the data of one student could
not be used because of missing values on two Vasablf the remaining participants, 90
students were correctly classified (true negativesg¢reas 10 were false positives (i.e., they

were “detected” by the model as dyslexic without ather diagnosis of dyslexia).

Table 6
Classification Table Based on the Predictive Madigh 3 Predictor Variables Versus the Postdictiveddl
with 7 Predictor Variables.

Reference Prediction
Dyslexic Non-
dyslexic
Dydexic Prediction 91 (93) 8 (7)

(postdiction)
Non- Prediction 10 (5) 90 (88)
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dyslexic (postdiction)

To further illustrate the predictive capabilitieour final model, we fitted a model
with the three selected variables on the complata set (See Table 7). Using the parameters
of this model to predict all cases resulted in msg&ity of 0.97 and a specificity of 0.87.
When plotting the sensitivity versus 1 - the spettif (i.e. a ROC curve), the area under the
curve equals .97, confirming the predictive quatityhe model.

Table 7
Results of the Logistic Regression Using Dyslexiau@ as Dependent Variable and the Three Selected

Variables as Predictors.

95% CI for Odds Ratio

L ogg Odds (SE) L ower OddsRatio  Upper
Included
Intercept 18.633.86)
Dutch word spelling -0.140(03** 0.82 0.87** 0.91
Dutch word reading -0.0®D(02** 0.87 0.92** 0.96
Reversals time 0.00(02* 1.01 1.04* 1.08

Note *p < .05, * p < .01; LRT(2(3) = 187.71, p < .001
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Figure 1. Classification distribution of the true negatives, true positives, false negatives and false positives

To get a better idea of the classification disttitn, we calculated the predicted
probability scores for each of the participantsl@nbasis of the parameter estimates obtained
by this model. Figure 1 shows the distributionstloé predicted probability score in the
various classification conditions. For the true ateges and true positives, the data are as
expected: A clear segregation is present betwedin (rmups, with quite extreme scores
(either very low or very high). However, the ddta the false negatives and the false
positives are more surprising, because here wela@eall over the range. It is not the case

that all false negatives were participants sliglistow the .5 criterion (two of the seven



IDENTIFYING DYSLEXIA IN HIGHER EDUCATION
23

participants had a predicted probability belowh@&nging them very much in line with the
control group). Similarly, not all false positiveere students slightly above the .5 criterion.
Five of the 10 participants had probabilities abo8g putting them squarely within the
dyslexic range. It will be interesting to see whegtthese deviating scores are due to random
measurement noise (in which case they should ndbiwed in a replication with similar
tests), could be the result of an initial misclsation, or point to deviating patterns in a
small percentage of individuals (both in those wkRek compensation measures for dyslexia
and those who do not).

To examine whether some of the misclassificatmmgd be explained on the basis
of intelligence, in a final step we added total t@Qystallized IQ and fluid IQ one-by-one to
the model. These variables were of no influence ame was true for another non-reading
test we added, namely the test for processing siided; Dekker, Dekker, & Mulder, 2007;
see above). This did not affect performance eitBer.it looks like we cannot improve the

power of the predictive model based on the thre@bkes listed in Table 6.

Prediction equation

A further interesting aspect of the analysis id tha can easily calculate a person’s
predicted probability of dyslexia given the thresttscores. All we need to do is to multiply
the person’s scores with the parameter estimabes frable 6. This calculation involves two
steps. First, the log-odds of dyslexia are caledain the basis of the parameters. This is
simply done by entering the test scores into tlgression equation. For example, for a
person with a score of 94 on the word spelling #&sicore of 72 on the word reading test and
a score of 116 on the phonological awarenessrestrsals), the log odds value is 18.63079 -

0.13644*94 - 0.08514*72 + 0.03973*116 = 4.284.
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Second, from the log_odds, two other values areutaked: the odds of having
dyslexia and the probability of having dyslexia.eTfirst value is given by the equation
Odds_dyslexia = exp(log_oddsjo, for our example the odds of the person haslyglexia
equal exp(4.284) = 72.5, meaning that the pers@2.5s times more likely to be classified as
dyslexic than not to be. The probability of havihglexia is calculated with the equation:

P(dyslexia) = exp(log_odds dys of person x) / (Exp(log_odds dys of person x))

So, the probability of the person in the exampaleifg dyslexia is exp(4.284) / (1 +

exp(4.284)) = 0.986.

Discussion

We designed a study to obtain an empirically badiadnostic protocol for young
adults with dyslexia. We made a disctinction betwgmstdiction and prediction. For
postdiction, we used stepwise (backward) logistegression analyses, whereas for
prediction, we constructed a new model based dolteoross validation.

By large our results replicate those of Hatcheale{2002). A small number of tests
suffice to diagnose students with dyslexia in highducation. These tests involve word
reading, word spelling, and phonological awarerfassassessed with the word reversal test,
in which participants have to decide whether twadsoare each other’s reversal). It was
expected that students with dyslexia required ntiome to identify the correct spelling. The
fact that two of the three tests were literacystesbnfirms that undergraduate students with
dyslexia continue to have serious problems witldirgaand writing into adulthood, as was
also shown in previous research (Everatt, 1997kikes & Seymour, 2005; Felton et al.,

1990; Hanley, 1997; Hatcher et al. 2002; Lefly, &nRington, 1991; Swanson, & Hsieh,
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2009). Further interesting is that no extra infalioraseems to be gained from tests involving
sentences and coherent text material than frons iesblving simple word reading and
writing. This considerably simplifies the assessmbnaddition, our data show that not only
reading and spelling remain deficient in adulthodtso a more underlying phonological
deficit persists in highly functioning adults witlyslexia. We found that adults with dyslexia
were not capable to compensate entirely for theinplogical deficits.

There is indeed a growing consensus that the pyineficit in dyslexia is
phonological in nature (see Vellutino, Fletcherp®ling, and Scanlon, 2004 for a review).
However, there is little agreement about the exauerlying mechanisms making that
someone with dyslexia can or cannot bypass poangibgy. Poor phonological awareness is
responsible for establishing poor spelling—soundppiregs and, further, phonological
decoding deficits, which manifest themselves iwssémd/or effortful word reading and poor
spelling abilities (Kemp, Parilla, & Kirby, 2008).

We further showed that a traditional postdictioralgsis lists more variables of
importance (seven) than a prediction analysis €hrat first sight, the fact that the former
analysis classifies more participants appropria@iso) than the latter (91%) may be taken
as evidence that it is superior. However, thisds true, because the results of the analysis
only apply to the specific groups of participangsted. If the equation from Table 4 were
used to classify two new groups of 100 participaiitss not expected to result in better
performance than the simpler equation from Tab{e 2ll likelihood the reverse would be
observed).

Postdiction models are data-driven. This means their results are dataset
dependent. Several factors contribute to this.tFile regression weights are adjusted to
optimal fit the data at hand. Second, all variaiscassumed to be systematic variance that

can be predicted. Finally, the category demarkatiaiue is adjusted to optimize the
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prediction. The impact of these factors becomamger the more variables one includes in a
postdiction analysis. As it happens, we can furtimprove” the postdiction performance by
including all 24 variables in the regression analy$hen we “correctly classify” 95.8% of
the participants. However, the expected performarficeich a model for new participants is
quite bad, because of the instability of the regjmsweights (which can easily be noticed by
comparing the SEs in Table 6 to those in TableThg fact that the postdiction model in
Table 6 classifies fewer people correctly than mmelly possible, is due to the fact that
variable selection in logistic regression is basadhe best fit of the model and not on the
highest classification accuracy. The backward sigpwrocedure stops from the moment the
elimination of a variable results in a significamgduction of model fit. It does not stop as
soon as the prediction accuracy drops.

This is the most important limitation of postdictidhe lack of generalizability to new
(but similar) samples. When postdiction is usedeiad of prediction, chances are real that in
another study the dataset will lead to other védemlselected, other weights given to these
variables, and another demarkation value for caisgfion. None of these elements are
interesting for clinical practice. In contrast, quredicton analysis allows clinicians to enter
the data of a new student from the same populationthe equation of Table 6 and to obtain
a valid combined estimate of dyslexia probabilias (wve showed in the example above).
Furthermore, probability values above .50 can gaba interpreted as an indication of
dyslexia, whereas lower values can be interpresednaindication against dyslexia (i.e., the
criterion is fixed). Although Hatcher et al. (200@d not explain very much in detail the
method they used to discriminate students with edyal from those without reading and
spelling impairments, we can assume that it waddpisre. They were able to correctly
categorize 95% of the students using four variabtésse to what we observed in our

postdiction analysis.
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Do the results of our prediction analysis implytttizere are only three differences
between dyslexics and controls? The study of GaaflD2) suggests that this is not
necessarily true. Simulations indicate that in deith a relatively large degree of noise, the
best predictive model generally contains feweralaeas than the model used to generate the
data. Therefore, the results of the present sauply to the prediction of dyslexia in
educational settings, but not to the causes okdaisl We show that we can reduce the initial
battery of 24 variables to 3 without loss of préige power. This is important information
for educational settings (which can considerabiygpdify their procedures), but it does not
mean that students with dyslexia differ on thesgatbes only. In reality, there may be more
variables and the measures we used may also tirnobuo be the most optimal. This is
particularly true for the variables that were higtitercorrelated (Appendix A). For instance,
the high correlation between Dutch sentence dartagind Dutch word spelling (r = .8, close
to the reliability of the tests) means that botbtdecan be swapped without much loss of
predictive power. Such a finding is not problemdtic pragmatic assessment purposes, but
obviously is less optimal when it comes to disaagrthe “true” deficits underlying dyslexia.
This relates to the question of how learning di##ds have to be diagnosed and what
purpose is served by such a diagnosis.

Another important message of our study is that ntesés did not improve our
classification quality. Although the postdictionadysis “suggested” that more students could
be classified correctly if the full set of 27 vdiies was used, the prediction analysis clearly
showed that such impression was an illusion, duthéofact that sample-specific variance
was being modeled by the ever increasing numbgredictors. This is a strong argument
against the pressure clinicians sometimes experiénoen the authorities to add more and
more tests to their assessment battery in ordacheeve “better” assessment. Of the 24 extra

tests we added, none made a significant contributio
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At the same time, our data (together with thoseélaticher et al., 2002) form a firm
basis for further research into valid predictorglgé$lexia for higher education. The fact that
our 24 extra variables did not improve the clasatfon power, does not exclude the
possibility that some variable may do so. Each ystinvolves choices (which can be
criticized). The same is true for the present stidigybe we overlooked a critical variable or
we operationalized it badly? Researchers thinkimgy thave a better candidate can now
severely reduce the number of tests they haventanraddition to one they are interested in.
Moreover, we think we have brought for the firshéi in dyslexia research the expertise
together that is needed to run prediction anal{s&g, to make sure that the new variable is
indeed making a difference) and to use the outconuwrder to turn multiple test data into
easy-to-interpret dyslexia probabilities (or oddBiis is likely to be of profit to dyslexia
researchers, clinical practitioners, students,aridersity authorities alike.

A final intriguing aspect of our study is thathadtigh the vast majority of students fall
within the remit of the phonological deficit hypetiis of dyslexia, some 5% have clearly
deviating results. These are nearly equally dividedr false positives and false negatives
(see the two lower panels of Figure 1). It will mderesting to examine whether these
exceptions are statistical errors, or whether iddaesmall segment of dyslexics has a
deficiency that consistently deviates from the gehgattern. This is a typical example where
case studies can augment the findings of a groajysis. It is also a reminder that student-
centered facilities are more than the blind applicaof a series of tests (however useful they

are for the initial assessment).

% The remediation service in Ghent is already uttiegoutcome of our study (Table 6) for the iniiasessment
of new students with a suspicion of dyslexia.
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